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1 Completion of literature review 10 30/04/2016 100 30/04/2016 10.00%

2 Completion of nanopore-enhanced ZnO nanorod arrays synthesis 20 31/07/2016 100 25/07/2016 20.00%

3 Completion of seed layer deposition onto nanopore-enhanced ZnO nanorod
arrays 10 31/10/2016 80 8.00%

4 Completion of hierarchically homogenous branched, nanopore-enhanced ZnO
nanorod arrays fabrication 30 30/04/2017 30 9.00%

5 Completion of hierarchically homogenous branched, nanopore-enhanced ZnO
nanorod arrays characterizations and photoresponse measurement 20 31/07/2017 10 2.00%

6 Completion of journal writing, report and documentation 10 31/10/2017 50 5.00%

Overall Progress 54.00%

Research Abstract

Novel hierarchical homogenous nanoarchitectures of branched, nanopore-enhanced nanorod arrays are promising nanostructures for nanosensors and solar cells due to
their advantages; that are very high surface area, enhanced light absorbability, and multiple transportation channels of electron. These new nanostructures are
anticipated to significantly improve nanodevice’s performance in terms of sensitivity, reliability, and functionality. Conventionally, nanorod arrays or branched nanorods
with disorder arrangement have been fabricated, but their characteristics (i.e., optical and electrical) and photoresponse properties were highly modulated by surface area
availability and arrangement of nanostructures on the substrate. Hence, it is important to increase the surface area of well-arranged or well-aligned nanorod arrays, by
tailoring their surface condition to be facilitated with hierarchical branches and nanopores. To the best of our knowledge, the development of hierarchically homogenous
branched, nanoporeenhanced nanorod arrays has not been reported yet. The nanoscaled modifications on nanorod array structures, particularly with formation of nanorod
branches and nanopores, will provide new insight into characteristics and photoresponse properties of the nanorod arrays. In this research, hierarchically homogenous
branched, nanoporeenhanced zinc oxide (ZnO) nanorod arrays will be fabricated using sonochemical approaches. With variations of fabrication parameter, such as
ultrasonic power and ultrasonic irradiation time, the photoresponse performance and characteristics (i.e., optical, structural, and electrical) of the prepared nanostructures
will be thoroughly investigated. For the characterization purposes, field-emission scanning electron microscopy, transmission electron microscopy, atomic force
microscopy, ultraviolet-visible-near-infrared spectroscopy, photoluminescence spectroscopy, and Raman spectroscopy will be used to determine surface morphology,
structural properties, surface topography and roughness, transmittance and absorbance properties, optical defect, and crystallinity of the nanorod arrays, respectively.
For photoresponse characterization of hierarchically homogenous branched, nanopore-enhanced ZnO nanorod arrays, the ultraviolet photoresponse measurement
system will be used. This research will contribute to a new and promising nanomaterials fabrication, which suitable for high performance nanodevice applications.

Summary of Research Findings

The effects of deposition speed on properties of zinc oxide (ZnO) nanoparticle decorated ZnO nanorod arrays were investigated. The ZnO
nanoparticles were deposited onto ZnO nanorod arrays at various speed from 1000 to 3000 rpm. The result shows that the nanorod were
successfully coated with ZnO nanoparticles with good uniformity. This work was a first step toward the optimization of three-dimensional
branched ZnO nanorod arrays growth.
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Executive Summary

Novel hierarchical homogenous nanoarchitectures of branched, nanopore-enhanced nanorod arrays are promising nanostructures for nanosensors and solar cells due to
their advantages; that are very high surface area, enhanced light absorbability, and multiple transportation channels of electron. These new nanostructures are
anticipated to significantly improve nanodevice’s performance in terms of sensitivity, reliability, and functionality. Conventionally, nanorod arrays or branched nanorods
with disorder arrangement have been fabricated, but their characteristics (i.e., optical and electrical) and photoresponse properties were highly modulated by surface
area availability and arrangement of nanostructures on the substrate. Hence, it is important to increase the surface area of well-arranged or well-aligned nanorod arrays,
by tailoring their surface condition to be facilitated with hierarchical branches and nanopores. To the best of our knowledge, the development of hierarchically
homogenous branched, nanopore-enhanced nanorod arrays has not been reported yet. The nanoscaled modifications on nanorod array structures, particularly with
formation of nanorod branches and nanopores, will provide new insight into characteristics and photoresponse properties of the nanorod arrays. In this research,
hierarchically homogenous branched, nanopore-enhanced zinc oxide (ZnO) nanorod arrays will be fabricated using sonochemical approaches. With variations of
fabrication parameter, such as ultrasonic power and ultrasonic irradiation time, the photoresponse performance and characteristics (i.e., optical, structural, and
electrical) of the prepared nanostructures will be thoroughly investigated. For the characterization purposes, field-emission scanning electron microscopy, transmission
electron microscopy, atomic force microscopy, ultraviolet-visible-near-infrared spectroscopy, photoluminescence spectroscopy, and Raman spectroscopy will be used
to determine surface morphology, structural properties, surface topography and roughness, transmittance and absorbance properties, optical defect, and crystallinity of
the nanorod arrays, respectively. For photoresponse characterization of hierarchically homogenous branched, nanopore-enhanced ZnO nanorod arrays, the ultraviolet
photoresponse measurement system will be used. This research will contribute to a new and promising nanomaterials fabrication, which suitable for high performance
nanodevice applications.
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